Microbodies from Mougeotia spec., Strain 168.80 contain aminotransferases for conversion of glyoxylate to glycine and serine to hydroxypyruvate. Formation of glycine is possible at highest rates with alanine and glutamate as amino donors, whereas for deamination of serine, pyruvate and glyoxylate are the most convenient substrates. A serine hydroxymethyltransferase was found exclusively in the mitochondrial fraction There are indications that this enzyme is bound to the mitochondrial membranes. The activities of all transferases are increased under culture conditions stimulating the synthesis of glycolate.
The filamentous alga Mougeotia spec., Strain 168.80 possesses microbodies similar in structure to those of higher plants (14) . From the presence of catalase, hydroxypyruvate reductase, and glycolate oxidase (13, 14) , it can be deduced, that the algal microbodies are comparable also in their function to peroxisomes of green leaves.
The complete glycolate pathway of leaf peroxisomes includes peroxisomal aminotransferases, converting glyoxylate to glycine and serine to hydroxypyruvate, whereas serine is formed from glycine by a mitochondrial serine hydroxymethyltransferase (15) . In this paper, it will be demonstrated that these enzymes are present also in the microbodies and mitochondria of Mougeotia and that their specific activities are increased by physiological conditions which stimulate the production of glycolate.
MATERIALS AND METHODS
Algal Material and Growth Conditions. Mougeotia spec., strain 168.80 from the algae collection of the Institute for Plant Physiology, University of Gottingen, was used. The algae were grown autotrophically in continuous light as previously described (12) . The light intensity was 3,000 lux when the algae were gased with air plus 2% C02, and 20,000 lux when the cultures were aerated with air only.
Preparation of Cell Homogenates and Separation of Organelles.
The methods already have been described (14) .
Assays. For spectrophotometric measurements a Gilford 2000 photometer was used. Amino acids were analyzed with a Biotronik BC 2000 analyzer and a Spectra Physics AA 1 integrator. All enzyme activities were determined at optimal pH and substrate concentrations.
The activities of Cyt oxidase and catalase were measured as described by Stabenau (I 1).
To determine the formation of glycine from glyoxylate, 100 ,ul 'Supported by the Deutsche Forschungsgemeinschaft.
of gradient fraction were added to 400 pi K-phosphate buffer (pH 7.5, 0.1 M) containing the following substrates: 6 t,mol glyoxylate, 0.05 ,umol pyridoxal phosphate, and 10 umol of an amino acid. The amino acids used are shown in Table II . The test was performed at 30°C and stopped after 15 min by boiling the reaction mixture for 2 min. The proteins then were precipitated with 7.5% TCA (w/v) and removed by centrifugation. After this procedure, the glycine formed was determined with the amino acid analyzer as described by Winkler and Schon (16) .
For measuring the activity of the glutamate-glyoxylate aminotransferase and the alanine-glyoxylate aminotransferase, the same assay was used as described before. However, these tests were performed only with glutamic acid or alanine, respectively. The a-ketoglutarate formed during the reaction was determined enzymically with a glutamate dehydrogenase (1) . For determination of pyruvate, a H202 producing pyruvate oxidase (EC 1.2.3.3; Boehringer) was used. The amount of H202 formed during the assay was measured by an enzymic test using a peroxidase and aminoantipyrine as substrate. To start the reaction, 200,ul pyruvate containing sample was added to 2.8 ml of Hepes buffer, (0.5 M, pH 6.7) containing 1 mm potassium dihydrogen phosphate, 1 ,umol MnCl2, 0.1 mmol dimethylaniline, 2 mmol aminoantipyrine, I unit peroxidase (EC 1.11.1.7; Boehringer), and 1 unit pyruvate oxidase. After incubation for 30 min at 30°C, the A at 530 nm was measured (Boehringer; U. Dehninger, R. Nagel, personal communication).
To determine the different amino donors for the formation of serine from hydroxypyruvate, 100 ,ul enzyme containing gradient fraction were added to 400 ,l Hepes buffer (pH 8.0, 0.05 M) containing the following substrates: 6 ,umol hydroxypyruvate, 0.05 ,imol pyridoxal phosphate, and 10 ,imol of an amino acid. The different amino acids used are shown in Table III . The reaction mixture was incubated for 15 min at 30°C. Then the reaction was stopped by boiling for 2 min, and the serine formed during the test was measured with the amino acid analyzer as described above.
To determine the activity of the serine-pyruvate amino-transferase, the following test was used. In this assay, the hydroxypyruvate formed was determined with a glycolate:NAD oxidoreductase (EC 1.1.1.26; Boehringer) reacting also with hydroxypyruvate.
To 100 ,A gradient fraction, 0. The protein content of the fractions was measured by the method of Lowry et al. (8) .
To estimate the Chl content, 0.1 ml of each fraction was dissolved in 0.9 ml methanol (96%), and the A at 650 and 665 nm was measured (1 1).
RESULTS
The distribution of aminotransferases after separation of organelles from Mougeotia in a sucrose gradient is demonstrated (Fig.   1 ). The highest activities of the enzymes were found at a density of 1.24 or 1.25 g cm-3 in accordance with the peak of catalase (Fig. 1) . Therefore, it is suggested that the aminotransferases are present in the peroxisomes of Mougeotia.
In higher plants, formation of serine from glycine occurs in the Plant Physiol. Vol. 70, 1982 mitochondria via an enzyme complex containing a serine decarboxylase and a serine hydroxymethyltransferase (4) . The latter enzyme is also present in the mitochondrial fraction from Mougeotia and completely absent from the microbody fraction (Fig.  1) . Inasmuch as the activity of this enzyme can only be found after preincubation of the cell extract with 0.1% Triton-X 100 (data not presented) and no activity is detectable in the supernatant, it has to be concluded that the enzyme is bound to membranes. Optimal activity was found at pH 7.5. The Km was determined to be in the range of 15 mm when serine was used as substrate. All the results demonstrate the similarity with the corresponding enzyme of higher plants and other algae (7, 17) . Synthesis of glycolate is expected to be stimulated when the algae are cultivated under high light intensity and low CO2 supply. Under these conditions, the specific activities of all aminotransferases and the serine hydroxymethyltransferase are increased by the factor 2 to 5, which confirms their function as enzymes of the glycolate metabolism (Table I) . For the formation of glycine from glyoxylate, alanine and glutamic acid are the major amino donors (Table II) enzyme shows highest activity with alanine, whereas this substrate appears to be of minor importance for the glycine formation in higher plants (6, 9, 10) .
The results obtained for deamination of serine to form hydroxypyruvate are shown in Table III . The most effective amino acceptors are glyoxylate and pyruvate. With both substrates, almost the same activities were determined.
As in leaf peroxisomes (2) , the enzymic formation of hydroxy-pyruvate from serine is reversible in the microbodies of Mougeotia (Table III) . When the reaction was started with hydroxypyruvate, alanine is the main amino donor; but, as already reported for the higher plant enzyme (15) , many other amino acids can serve as nonspecific substrates for these aminotransferases (Table III) .
DISCUSSION
The data presented in this paper demonstrate that all the enzymes necessary for metabolism of amino acids by the glycolate pathway are present in Mougeotia. As in higher plants, serine hydroxymethyltransferase is located in the mitochondria, whereas the aminotransferases for the formation of glycine from glyoxylate and hydroxypyruvate from serine are constituents of microbodies.
Like the aminotransferases from leaf peroxisomes, those of Mougeotia are able to react with different substrates. Most of them probably are nonspecific as in higher plants (5) . Alanine and glutamic acid were found to be the main substrates for the synthesis of glycine from glyoxylate. On the other hand, formation of hydroxypyruvate mainly occurs with pyruvate and glyoxylate as amino acceptors. From these reasons, it is proposed that deamination of alanine and amination of pyruvate is a cyclic process in the microbodies from Mougeotia (Fig. 2) . With regard to this fact, these organelles would be different from leaf peroxisomes, which only possess a relatively low activity for deamination of serine with pyruvate as an amino acceptor.
The knowledge about compartmentation of aminotransferases in other algae participating in the glycolate metabolism is mainly limited to Euglena. In this organism, a microbody-associated glutamate-glyoxylate aminotransferase and a serine-glyoxylate aminotransferase are described (3) .
In contrast to Mougeotia, Euglena possesses no glycolate oxidase but a dehydrogenase, which is partly located in the mitochondria (18) . From the present data and those in previous reports (1 1, 14) , we concluded that Mougeotia as well as Spirogyra are the only algae yet known to possess a glycolate metabolism similar to the corresponding pathway in higher plants. LITERATURE CITED 
